Molecular modeling of CPT-11 metabolism by carboxylesterases (CEs): use of pnb CE as a model.
CPT-11 is a prodrug that is converted in vivo to the topoisomerase I poison SN-38 by carboxylesterases (CEs). Among the CEs studied thus far, a rabbit liver CE (rCE) converts CPT-11 to SN-38 most efficiently. Despite extensive sequence homology, however, the human homologues of this protein, hCE1 and hiCE, metabolize CPT-11 with significantly lower efficiencies. To understand these differences in drug metabolism, we wanted to generate mutations at individual amino acid residues to assess the effects of these mutations on CPT-11 conversion. We identified a Bacillus subtilis protein (pnb CE) that could be used as a model for the mammalian CEs. We demonstrated that pnb CE, when expressed in Escherichia coli, metabolizes both the small esterase substrate o-NPA and the bulky prodrug CPT-11. Furthermore, we found that the pnb CE and rCE crystal structures show an only 2.4 A rmsd variation over 400 residues of the alpha-carbon trace. Using the pnb CE model, we demonstrated that the "side-door" residues, S218 and L362, and the corresponding residues in rCE, L252 and L424, were important in CPT-11 metabolism. Furthermore, we found that at position 218 or 252 the size of the residue, and at position 362 or 424 the hydrophobicity and charge of the residue, were the predominant factors in influencing drug activation. The most significant change in CPT-11 metabolism was observed with the L424R variant rCE that converted 10-fold less CPT-11 than the wild-type protein. As a result, COS-7 cells expressing this mutant were 3-fold less sensitive to CPT-11 than COS-7 cells expressing the wild-type protein.